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INTRODUCTION 


This audio-visual program, A Pump Operation is a part of Module 4 of PRE-TECH, Pump 
and Governor Operation. You should have completed Modules 1 through 3 before you begin 
this program. 

This module consists of eight audio-visual programs. Each program has a separate review 
guide and exercise. You will be required to complete from one to all eight programs, de¬ 
pending on the program track that you have been assigned to by your instructor or super¬ 
visor. These audio-visual programs will introduce you to the theory of operation for several 
selected pumps and governors. This program explains A Pump Operation in terms of dis¬ 
tributing, pressurizing, timing, and metering of fuel. 

PROGRAM OBJECTIVES: A PUMP OPERATION 

When you have completed A Pump Operation you will be able to: 

1. Describe how fuel, at supply pump pressure, enters the barrel. 

2. Describe how and when delivery fuel pressure is developed. 

3. Describe pump timing. 

4. Describe pump phasing. 

5. Describe how to adjust internal pump timing and phasing. 

6. Describe pump metering. 

7. Describe how metering changes. 

8. Identify the various types of plunger helix and explain why each type is used. 

9. Explain how the various types of plunger helix affect pump timing and metering. 
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SPECIAL EQUIPMENT 


To complete this program you will need the A Pump Operation audio-visual program, 
the appropriate play-back equipment, and this review guide. The different types of audio¬ 
visual presentations (formats) and the types of required equipment to view each format are 
listed below. Read the operating instructions for the equipment you will be using before 
attempting to view the programs. 

Slide/Tape Format 

You will need either an automatic slide/tape player or a manual slide projector and 
separate tape player. Side A of the cassette tape has inaudible pulses which trigger 
the advance mechanism of automatic slide/tape players. Side B of the tape has tone 
pulses which you can hear to indicate when you should advance to the next slide. 
Before you begin, be sure that you are using the correct side of the cassette tape for 
the equipment you are using and rewind the tape completely to be sure you are at 
the start of the program. 

Filmstrip/Cassette Tape Format 

You will need either an automatic filmstrip/tape player or a manual filmstrip pro¬ 
jector and separate tape player. Side A of the cassette tape has inaudible pulses 
which trigger the advance mechanism of automatic filmstrip projectors. Side B of 
the tape has tone pulses which you can hear to indicate when you should advance 
the filmstrip to the next scene. Before you begin, be sure that you are using the cor¬ 
rect side of the cassette tape for the equipment you are using and rewind the tape 
completely to be sure you are at the start of the program. 

Film/Tape Cartridge Format 

Because of the variety of film/tape cartridge players available, we have not included 
instructions for this equipment. Be sure to read the operating instructions that come 
with the equipment you are using before viewing the audio-visual program. 

If you have any questions about how to use the audio-visual equipment, see your supervisor 
or instructor. 

SPECIAL INSTRUCTIONS 

DO NOT use or refer to the review guide until you have finished viewing the audio-visual 
program or you are instructed to do so. The visuals in the program are produced in colors 
which present important information. The black and white reproductions of these visuals 
used in the review guide may not show the discrimination between these colors and, there¬ 
fore, may not completely present the information from the color visual. In addition, the 
audio-visual program may have been revised with updated visuals which may not be re¬ 
flected in the review guide. These changes in visuals will not alter the meaning or content of 
the information contained in the review guide. 

Start the audio-visual program, A Pump Operation, at this time. Sit back and let the colors, 
motion, and sound help you learn. When the program ends, turn to page 3 and continue 
as instructed. 

NOTE 

The audio-visual program will STOP from time to time 
when viewed using automatic playback equipment. These 
stops are included to provide an opportunity to review the 
information that has been presented to that point. When 
you are ready to continue, press the START button on the 
playback equipment. 
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REVIEW EXERCISE: A PUMP OPERATION 


Now that you have finished viewing the audio-visual program, complete this review exercise. 

If you have a problem answering any of the questions, use this review guide to locate the 

correct answer. The numbers following each question indicate the range of scenes where the 

correct answer can be found. 

Fill in the correct word or words to complete the following statements. 

1. The basic job of the injection pump is to___ the fuel, 

_the delivery of the fuel, and to _, the 

quantity of the fuel being delivered. (13-15) 

2. Supply pump pressure enters the barrel when the plunger is at__ (16-18) 

3. Fuel pressurization begins when the cam lifts the plunger to__ 

_(15-17) 

4. Basic pump timing is set on cylinder number_. (21-23) 

5. On the A-pump, to obtain port closure at a given camshaft rotation, you must 

_ or_the_. (23-26) 

6. When the other plungers of the pump port close at correct intervals, the pump has 

correct_. (27-29) 

7. Metering controls the_of the fuel being delivered. (30-32) 

8. Fuel metering depends on the_of the 

plunger. (31-33) 

9. With an upper helix plunger, plunger_is longer to port 

closure. (47-49) 

10. Regardless of whether the pump has an upper or lower helix, you must always time the 

pump at the_control edge. (51-53) 

11. Fuel delivery is balanced by adjusting the position of each_ 

_. (55-57) 


When you have finished this exercise, review your answers. Then show the completed exer¬ 
cise to your instructor or supervisor. Have your instructor or supervisor record your progress 
on the Student Progress Sheet. 

Go on to the next audio-visual program assigned to your program track. 
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3. A-Pump Operation . . . 
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5. The A-size pump. It's been around so long that everyone knows 
how it operates. Right? Well, let's see. Here are a few of the 
many applications. 
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9. Yes, the A-pump gets around. You'll find it in sizes from 2 to 
12 cylinders. In the U.S. you will find mostly 2000-series with 
some 3000-series. 



10. The A-pump is most likely governed by the RSV governor or 
the RQV, discussed in separate programs. As you know, govern¬ 
ing is accomplished . . . 



. . . by movement of the rack. The rack rotates the control 
sleeves and the plungers in their barrels. 



12. In the A-pump you will find many different plungers — dif¬ 
ferent sizes, different shapes. But generally they all work on the 
same principles . . . 
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13. ... principles you can follow on these model plungers. In ser¬ 
vicing the A-pump — timing and balancing — it will help you to 
know whether a plunger has a lower helix, like the first two; an 
upper helix, like the third; or a double helix. When you finish 
this program, you'll know the difference. 
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• PRESSURIZE 

• TIME 

• METER 


14. First, you will see how the plunger strokes in the barrel in rela¬ 
tion to the port to pressurize the fuel, time the delivery, meter 
the quantity. 



15. To pressurize the fuel, the plunger must rise in the barrel, 
lifted by the cam lobe, as the shaft rotates. 



16. In this model, at BDC, fuel enters the barrel through the fill 
port at supply pump pressure. That low pressure is shown in 
orange. 
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At the time of port close, when the plunger closes the port — 
that's the beginning of high pressure — that's the beginning of 
delivery. We'll show that in red. 



18. On the graph, you can see the stroke from BDC to port 
closure — the orange low supply pump pressure and then 
delivery at high pressure. 



19. Through the delivery valves and high pressure lines, fuel goes to 
the injectors and into the cylinders for compression ignition. 
And so we've seen the first job of the pump, pressurize the fuel. 
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You know how the pump can pressurize fuel; timing depends 
on when the plunger can pressurize the fuel. We'll see how you 
can change timing and metering in the A-pump. 
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22. On the test bench, checking port closure to specification of 
cylinder number one is the key to basic timing. Suppose for a 
given cam shaft rotation . . . 



23. . . . you don't have port closure, like this; how could you get 
it? In the A-pump, you adjust the plunger, in this case raising it 
to get port closure. 



24. In most A-pumps, this adjustment raises or lowers the plunger. 
In other A-pumps, you adjust by shims between plunger and 
tappet. 
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25. When you adjust number one plunger to the specified lift to 
port closure from BDC, that's how you set up basic timing. 




26. If you consider port closure of number one as zero degrees, 
what does it take for correct phasing? Yes, the other port 
closures at equal intervals. 



27. In firing order, each plunger is adjusted to rise to port closure at 
equal intervals from number one, sixty degrees for a six-cylinder. 



28. In the A-pump, you set port closure at equal intervals by adjust¬ 
ing the tappets. 


11 






t PHASING 

T 

R 

O 

K i 
1 


29. 


Phasing is another term for internal pump timing, adjusting each 
plunger for port closure at equal intervals. Careful phasing pays 


off. . . 



30. ... as part of timing the pump to deliver the results demanded 
by operators in today's environment. 


TIMING 

• Reliability 

• Low Smoke 

• Low Emissions 

• Economy 



• PRESSURIZE 

• TIME 

• METER 


31. Metering is the third job of the pump. Metering controls the 
quantity of the fuel delivered. 
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32. Metering depends on the effective stroke. As you know, that's 
the part of each stroke up from port closure to port opening; 
it's the part while the fuel is under high pressure. 
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33. Delivery is movement from port close to port open. The port 
opens when the lower control edge of the plunger uncovers the 
port. 




34. Through the slot in the lower groove, the pressure falls to 
supply pump pressure, shown in orange. Of course that stops 
delivery of fuel. When this plunger rises to port open, like 
this. . . 



the result is a shorter effective stroke, as for light loads. 
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Compare this to the greater delivery, as for starting. Now the 
plunger effective stroke is greater before port open. How is port 
opening changed? 


13 











FULL 

LOAD 


LOW 


37. From a position for full load delivery, the plunger helix is 
turned in its barrel like this for low delivery and light loads. 
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38. So, from BDC, when the plunger strokes to port close, delivery 
doesn't last very long. You can see that causes a low delivery. 



39. Suppose the rack position is changed like this — to maximum 
travel. As each control sleeve is turned, what happens to its 
plunger? 



START 


40. From a position for low delivery, the plunger is turned in the 
opposite direction, for maximum delivery, as for start-up. 
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41. Now, during the stroke, port close happens as before, but 
there's a longer delivery — a greater effective stroke. 
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You will find some A-pumps with a rack operated from one end 
of the pump like this, and some with the rack operated from 
the other end. What difference does that make? 



Well, the helix will slope the other way. They both work the 
same, but in opposite directions. 



From low, this plunger turns the other way to increase delivery, 
as in start. Notice, when the upper edge is circular or flat like 
this, turning the plunger does not change port close; it does not 
change timing. 
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45. You have compared these two plungers. They work in opposite 
directions. You have seen two examples of lower helix plungers. 
Compare these two lower helix plungers . . . 
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47. With the upper helix, see what happens after BDC. Prestroke is 
longer to port closure. Delivery begins later in the stroke. It 
ends at port open of the straight lower control edge. 
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48. Compare these two light load deliveries — both the same 
quantity. Lower helix, early port close; early port open. For the 
upper helix, later port close; later port open. 
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49. What happens when the rack moves this plunger for increased 
delivery? 
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From low delivery, the plunger turns like this, to maximum, as 
for start-up. 



During the maximum delivery stroke, the helix port closes 
sooner; delivery is longer. Port open at the straight lower 
control edge never changes. 



52. 


You can see port closure changes the effective stroke; but port 
open is always the same. And that should mean something to 
you. 
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53. Can you see how pump timing is affected by these two 
plungers? You time to the straight control edge. Your spec will 
tell you — port closure at specified plunger lift — or port 
opening at specified plunger lift. 



54. In taking a draw to check metering, you want to see that all 
elements deliver within spec. 



55. Suppose you find pumping elements that deliver too little or 
too much. How do you bring them into spec? 



56. You balance delivery by adjusting each control sleeve like this. 
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57. Inside the loosened gear segment, the plunger is turned to 
change delivery. Let's put it all together. 




58. Timing at the tappets: in most A-pumps, for port closure at 
specified plunger lift. 



— changing port open for 
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30. On other pumps where port open is constant, where the spec 
shows port opening at plunger lift, specified . . . 
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TIMING 


63. Now perhaps you see the difference — port close timing to the 
upper edge; port open timing to the lower edge. You under¬ 
stand the principle — time the pump to the straight control 
edge — the edge that is the same. 
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TIMING 



65. ... at the timing of another plunger helix found in the A-pump. 
Compared to the two, this plunger has an upper helix and a 
lower helix, sometimes called a double helix. How do you time 
such a pump? 



66. Well, one way is to balance the pump before timing. When you 
have adjusted plunger rotation to get equal quantities, then 
time at the specified rack setting . . . 



. . . each plunger should port close at equal intervals and port 
open the same. 
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69. . . . you have completed timing and balancing for these cus¬ 
tomer needs. 


TIMING & BALANCING 

• Reliability 

• Low Smoke 

• Low Emissions 

• Economy 
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70. In this program, you have seen how the A-pump does its jobs — 
pressurize, time, meter. . . 



71. ... how your servicing is affected by the operation of different 
plunger helix shapes . . . 
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.. . how plunger rotation changes effective stroke — changes 
port open . . . 
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73. ... how balancing to port open follows timing to port close . . . 




74. ... how the upper helix plunger affects prestroke — can change 
lift to port close. 
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75. Now you know the difference between timing a pump to port 
close and timing a pump to port open . . . 
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. . . the A-pump, widely used all over the world in many varia¬ 
tions and applications . . . 
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77. .. . brought to you by Robert Bosch. 
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REVIEW EXERCISE ANSWER PAGE: A-PUMP OPERATION 


1. pressurize, time, meter 

2. BDC 

3. port closure 

4. one 

5. raise, lower, plunger 

6. phasing 

7. quantity 

8. effective stroke 

9. prestroke 

10. straight 

11. control sleeve 


